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EBQ CESS FOR POLYMERISING OLEFINIC FEEDS U NHf.R PRESSURE 
Field Of invention 

* The invention relates to processes for polymerising olefinic 

feeds using metallocene based catalyst systems under pressure. 

f The olefinic feeds may contain ethylene, propylene, higher 

olefins and polyenes such as butadiene as well as vinyl 
compounds and copolymerisable aromatic compounds such as styrene 
and copolymerisable other cyclo-olef ins such as norbornene . The 
term metallocene refers to compounds containing a coordination 
bond between a transition metal and at least one (generally one 
or two) cy clopent adiene ring structures. The term 
cyclopentadiene ring structure includes polycyclic structures 
such as indenyl or fluorenyl which incorporate a f ive-membered 
ring. 

Bgick;grc>vmd pf invention 

DE 2608933 (BASF) discloses a low pressure (e.g. 9 bar), 
metallocene catalysed polymerisation step for ethylene. The 
temperature may be varied to control molecular weight. Lower 
temperatures provide higher productivity and higher molecular 
weights. There is no suggestion of pressure as a major 
influence on the polymerisation process. 



EP 69593 (Mitsui) performs a special form of solution 
\ polymerisation with phase-separation using non-metallocene 

Ziegler-Natta catalyst systems. Significant amounts of solvent 
are present. A solution is formed having an upper cloud point 
for the polymer/monomer mixture in the reaction medium, such as 
an inert hydrocarbon, which is liquid under the prevailing 
conditions. Polymerisation is carried out above a so-called 
f upper cloud point. 

4 EP 109530 (EC Erdolchemie) discloses a low to medium pressure 

(up to 400 bar) gas phase polymerisation conducted above the 
melting point of the polymer with ethylene feed gas and molten 
polymer flowing in opposite directions. Particulate catalyst 
systems are used including metallocene-type 
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transition metal components and alumoxane co-catalyst 
components. There is no agitation by mechanical means or 
turbulence of the molten polymer and a settling step is not 
necessary to coalesce the discontinuous polymer-rich phase. 

EP 260999 (Exxon) discloses a high pressure ethylene 
polymerisation process at temperatures over 120 'C and at 
least 500 bar using a bis cyclopentadienyl -transition metal 
compound and alumoxane as a catalyst system. Zirconocenes 
are used in the Examples. The Al/Zr ratio varies widely in 
the Examples (See Table 4). Example 18 uses 200*C and 500 
bar for homopolymerisation of ethylene. The experiments are 
performed in 100 ml steel autoclaves in a batch procedure. 
The productivity of the catalyst system cannot be estimated 
reliably due to variations in catalyst performance. The 
Al/Zr ratio of 29390 gives low productivity (productivity as 
used herein indicates the amount of polymer produced per 
total amount (Al+Zr) of catalyst metal) caused by the high Al 
content of the catalyst system. Other Examples illustrate 
continuous procedures at lower Al/Zr ratios but process 
conditions particularly pressure are such that the reactor 
contents are above the cloud point. 

DE 3150270 (EC Erdolchemie) also claims broad temperature and 
pressure ranges using an Al/transition metal ratio in the 
Examples of circa 2500 but does not specifically teach any 
combination thereof which gives rise to two-phase conditions. 

In a paper given by G. Luft in 1989 at the Hamburg Macro- 
molecular Symposium, high pressure polymerisation is 
performed at 1500 bar with Al/Zr ratio's well in excess of 
10000 (ten thousand). As in DE 2608933, temperature is 



-3- 



recognised as a major influence on the process. Lower 
temperatures are associated with higher catalyst productivity 
and higher molecular weight but the polymerisation rate is 
♦ lower as a result of the lower temperature. 

EP 416 815 uses low pressures but solvent present provides 
1-phase conditions. 

EP 399 348 uses low pressures but these either are 1-phase 
(solution) or involve temperatures below the melting point 
(suspension or gas-phase polymerisation) . 

Also WO 88/05792 does not describe a two phase condition 
j above the polymer melting point. 

With gas-phase systems, the polymerisation rate is limited by 
the concentration of polymerised polymer pellet and the 
monomer concentration as well as the monomer diffusion 
through the polymer pellet growi-g around the supported 
catalyst particle. 

The monomer feed in gas-phase operation has to be 
recirculated and conversion at each pass is limited by the 
permissible adiabatic temperature increase. Polymers with 
higher amounts of comonomer or low molecular weight product 
) cannot be conveniently made if process conditions become 

unsatisfactory . 

With high-pressure systems, it has generally been believed 
that high temperatures and pressures are necessary to obtain 
conditions conducive to good productivity of the catalyst 

a system. To the extent that the art refers to lower pressures 

it is generally to delimit a lower end of a very broad 

« pressure range. Actual examples in the art concern high 

pressures. 

It is hence desirable to provide a process for polymerising 
olefinic feeds having a low catalyst consumption, energy 
. quirement and capital costs but capable of producing a 
v.-iety of polymers. 
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Summarv of the invention 

The invention firstly provides a process for producing a 
polyolefin comprising 

(a) continuously feeding olefinic monomer and a 
catalyst system of a metallocene and a cocatalyst; 

(b) continuously polymerising the monomer (s) to provide 
a monomer-polymer mixture, the mixture being at a 
pressure below the cloudpoint pressure to provide a 
polymer-rich phase and a monomer-rich phase at a 
temperature above the melting point of the polymer; 

(c) continuously settling the two-phase mixture into a 
continuous, molten polymer phase and a continuous 
monomer vapour which may optionally be at least 
partly recycled to (a) . 

Unlike earlier disclosures a two-phase mixture is formed 
during polymerisation and not merely when the pressure of the 
reaction mixture is reduced downstream of a let-down valve 
after polymerization (as is the case in conventional high 
pressure polymerization procedures) . The two-phase mixture 
may be maintained, preferably in a finely devided form, by 
appropriate agitation, e.g., with the assistance of a 
stirrer. 

In the stable operating conditions possible with continuous 
operation according to the invention, generally the catalyst 
productivity starts to increase upon decreasing pressure 
further below the cloudpoint. Reduced operating pressures 
hence become possible, permitting processes which are simpler 
and require less energy. It may be that the higher 
productivity levels possible below the cloudpoint pressure 
exceed those possible above the cloudpoint at much more 
elevated pressures and approximately similar temperatures. 
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The continuous process may be used to provide a homo- or 
co-polymer. Preferably in this first aspect of the invention 
the polyolefin contains less than 25 % by wt of a comonomer. 
The comonomer is preferably an olefin or diolefin having from 
3 to 20 carbon atoms and/or the metallocene is substituted 
dicyclopentadienyl derivative. The polymer can 

advantageously contain from 10 to 20 wt% of the comonomer. 
Suitably the mixture is settled in a separator after the 
catalyst system has been killed by addition of a killer, 
preferably at a pressure of from 1.2 to 300 bar especially 50 
to 200 bar or 30 to 70 % of the polymerization pressure and 
the continuous monomer is recycled for polymerisation. At 
appropriate productivities, comparable to those obtainable at 
high pressure and exceeding those obtainable with 
conventional low pressure gas-phase, bulk-phase processes, 
high conversion speeds can be achieved. Preferably the 
residence time is from 20 seconds to 10 minutes, preferably 
from 30 seconds to 5 minutes, and especially less than 2 
minutes. 

The invention secondly provides a process for producing a 
polyolefin comprising 

(a) feeding ethylene, at least 5 wt% of at least one 
comonomer and a catalyst system of a metallocene 
and a cocatalyst; 

(b) polymerising the monomer and comonomer under 
agitation to provide a monomer-polymer mixture, the 
mixture being at a pressure below the cloudpoint 
pressure at a temperature above the melting point 
of the polymer and preferably at a pressure of less 
than 500 bar to provide a discontinuous 
polymer-rich phase and a continuous monomer rich 
phase; and 

(c) separating the polymer. 
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Unlike earlier disclosures, there is provided for the first 
time a copolymer producing process that can give high 
productivities at below 500 bar above the polymer melting 
point. The presence of comonomer lowers the pressure of the 
cloudpoint significantly and so permits enhanced energy 
savings as well as possible increased catalyst system 
productivities discussed before. 

Advantageously the polyolefin contains at least 10 wt% of a 
comonomer, preferably an olefin or diolefin having from 3 to 
20 carbon atoms and/or the metallocene is a 
monocyclopentadienyl derivative having a low transfer 
activity. With transfer activity is meant the propensity for 
chain propagation to be transferred from one growing polymer 
chain to another. Transfer activity results in lower 
molecular weights. It is sensitive to comonomer 

concentrations which tend to increase transfer activity. 
Selected metallocene based catalyst system such as 
monocyclopentadienyl based systems can be relatively 
insensitive as regards transfer activity to comonomer 
presence, so permitting higher molecular weights to be 
obtained at higher comonomer contents and/or higher operating 
temperatures at similar molecular weights. 

If appropriate the reactor is a continuous reactor. 
Preferably the polymer has a density of from 0.82 to 0.93 
g/cm 3 preferably less than 0.90. 

Such catalyst systems should be selected by preference to 
provide low ash content products at commercial production 
rates. With ash content is meant the residual metal in the 
polymer. Catalyst systems with a lower aluminium/transition 
metal mol ratio show a greater improvement in productivity 
with lowering of pressure below the cloudpoint than catalysts 
systems with a high ratio. The invention hence facilitates 
the efficient production of polymer with low ash contents. 



It is believed, without delimiting the invention, that the two- 
phase system includes a polymer rich phase still containing 
appreciable monomer ready for polymerisation and a monomer rich 
phase containing some polymer. The catalyst is believed to be 
most active in the polymer-rich phase. The presence of the 
monomer in the polymer-rich phase is believed to contribute to 
increased catalyst system productivity. 

Optimum pressure selection will vary depending on operational 
requirement and comonomer levels. The polyolefin properties may 
change relatively little with pressure. Hence the temperature 
can be adjusted to provide the desired polymer at a pressure 
which has been set to give optimum productivity performance. 

Preferred operating temperatures vary from 80 to 250°C 
preferably from 100 to 225°C, and should, for a given polymer in 
the reactor, be above the melting point so as to maintain the 
fluidity of the polymer-rich phase as indicated previously. 

The pressure can be varied between 100 and 1000 bar for ethylene 
homopolymers and from 30 to 1000 especially 50 to 500 for 
processes producing ethylene copolymers containing C3 to Ciq 
olefins and optionally other copolymerisable cyclo-olef ins . 

In both the aforementioned main aspects of the invention 
suitably polymerisation can take place at a temperature and 
pressure .where the catalyst system productivity exceeds that 
which obtains at twice that pressure above the cloud point 
pressure at that temperature. 
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Conveniently the catalyst system contains alumoxane cocatalyst, 
is in the form of a soluble system, on unsupported slurry system 
or a supported system, and/or the mol ration of alumoxane 
aluminum to metallocene transition metal is from 10:1 to 10000:1 
preferably 50:1 to 5000:1. The reactor may have no internal 
cooling systems and can be adiabatic. It is preferably 
mechanically agitated. 

With sufficient comonomers, the process can be performed at less 
than 500 bar. The minimum pressure is generally determined by 
agitation conditions and is preferably at least 50 and 
especially at least 100 bar ; gaseous phase densities in the 
reactor being at least 200 kg/m3, especially 350 mg/m3 . Good 
mixing is promoted by the use of temperatures well above the 
melting or crystallisation point, suitably 10°C and especially 
30°C above. It is estimated that generally the polymer rich 
phase contains from 50 to 80 wt% of polymer. 

Detailed description of the invention 

The term "olefinic monomer" is used herein to include olefin 
feeds containing one monomer only as well as feeds of two or 
more olefinic monomers which may include polyenes including 
diolefins such as butadiene or 1,4 hexadiene and cyclo-olef ins 
such as norbornene . 

•The term- "catalyst system" is used herein to embrace a 
transition metal component and a cocatalyst component. The term 
"metallocene" is used generically to include mono-, di- and tri- 
cyclopentadienyl type transition metal compounds. 
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The invention is based on the finding that such catalyst systems 
show increasing productivities with lowering of pressure at 
pressures towards the extreme lower end or below the lower end 
of ranges conventionally associat d with high pressure 
polymerisation. It is believed, without wishing to delimit the 
invention, that the existence of two-phase conditions influences 
the distribution of compounds (metallocene, cocatalyst, poison) 
in some way with an overall effect of promoting polymerisation 
productivity. 

In the description and claims, reference is made to the cloud 
point. This is the point at w; 'ch the polymer formed starts 
separating as a distinct phase ar ceases to be dissolved in the 
overall mixture with the unreacted monomer. At pressures above 
the cloud point one phase conditions prevail ; two-phase 
conditions prevail below. Thus the term "cloud point pressure" 
means the highest pressure at which a monomer-polymer mixture 
can be heterogeneous with a polymer-rich phase and a monomer- 
rich phase at a temperature above the melting point of the 
polymer. It corresponds to the lower cloud point in EP 69593. 

Example 1 shows that pressure at which one-phase conditions 
cease to exist and two-phase conditions apply can be determined 
by an overall combination of individual process indicators. 
Whilst, as a practical matter, there may be an extended 
transition zone, where it is difficult to determine definitively 
whether tlxe system is entirely in a two-phase or single phase 
condition,, the benefits obtainable by the invention increase 
rapidly as one moves through the transition zone to substantial 
two-phase conditions. At commercially attractive operating 
pressures there is no doubt that (i) two-phase conc^tions exist 
and (ii) the productivity is higher than t. : existing at, or 
slightly above, the cloud point. 
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The pressure or pressure zone of the cloudpoint, at which the 
transition occurs, depends amongst other things on the 
temperature, polyolefin and olefinic monomer type and 
proportion. The cloudpoint can also be changed so that it 
occurs at a higher temperature or lower pressure by including 
an anti-solvent such as nitrogen which promotes the 
segregation into a polymer-rich phase and a monomer-rich 
phase. The anti-solvent does not take part in the 

polymerisation and is substantially inert. 

The reactor outlet temperature should preferably be at least 
100*C. 

The process may be used for polymerising ethylene or higher 
olefins such as propylene, 1-butylene with or without 
modifier such as H 2 , with or without higher molecular 
weight comonomers such as propylene, butyl ene and/or other 
ethylenically unsaturated comonomers having from 3 to 20 
carbon atoms, preferably having up to 10 carbon atoms. The 
high catalyst productivity obtainable by the process of the 
invention permits the incorporation of polyenes such as C 4 
to C 12 dienes including butadiene, isoprene or 1,4-hexa- 
diene which are not otherwise easily incorporated with 
catalyst functioning at lower activities. The process also 
facilitates production of polymers containing high comonomer 
levels under economically viable conditions. Polymerisation 
condition (temperature; pressure) may vary depending on the 
monomers, the desired polymer product characteristics and/or 
catalyst system employed. 

The type and amount of comonomer changes the pressure at 
which phase conditions change from one phase to two phase 
conditions when pressure is reduced. An increase in co- 
monomer content and a decrease in polymer molecular weight 
reduces the cloudpoint pressure. 
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The polyolefin generally contains at least 20 % of ethylene, 
especially from 40 to 60 wt% to make high comonomer content, low 
density amorphous products such as VLDPE having a density of 
from 0.915 to 0.900: elastomers, thermoplastic elastomers or 
ultra low density polyethylene (ULDPE) having a density of from 
0.870 - 0.900 and even lower density elastomeric materials 
having a density of 0.855 to 0.870. 

The catalyst system includes the metallocene component and the 
cocatalyst component which is preferably an alumoxane component 
or a precursor of alumoxane. 

The catalyst system may include as metallocene a compound of the 
general formula 

R Z L M 

wherein M is a transition metal of group IV B, V B or VI B of 
the Periodic Table, 66th Edition of Handbook of Chemirtry and 
Physics CRC Press (1985-86) CAS Version, wherein R is a ligand 
having a conjugated electron bonded to M; 

'herein L is a leaving group bonded to M and 

wherein Z represent one or more further conjugated ligands 
and/or anio- c leaving groups bonded to M and/or a moiety bonded 
to M and to R. 

The group R and optionally the group Z where Z is a conjugated 
ligand, may be or include a ' substituted or unsubst ituted 
cycloalkadieny 1 group such as cyclopentadiene or a 
cyclopentadienyl with linked substituents such as indenyl, 
fluorenyl or tetrahydro-indenyl . Where at least one Z is a 
cycloalkadienyl conjugated group, the different cycloalkadienyl 
groups of R and Z may be bridged (See Exxon EP 129 368) . Where 
one conjugated ligand group R is present and Z is not a 
conjugated ligand, the group R may be bridged to other 
transition metal ligands such as Z. 



WO 93/11171 



-12- 



The group L and optionally the group Z where Z is an anionic 
leaving group may be or include an aryl group, alkyl group, 
an aralkyl group, a halogen atom, a hetero atom containing 
ligand containing an oxygen, sulfur, nitrogen or phosphorus 
atom (hetero atom may be bonded to M) ; these groups L and Z 
may be connected by single or multiple bonds to M; optionally 
these groups may be linked to groups R or Z. Possible 
species are described in EP 416815 and EP 420436. 

The other catalyst component, generally alumoxane, may be 
prepared in a pre-reaction and then introduced into the 
polymerisation system but may also be formed wholly or partly 
in situ by reaction of water and a trialkylaluminum, 
preferably trimethylaluminum. Water may be introduced in the 
monomer feed for this purpose as taught in EP 308177. 

The Al/transition metal mol ratio may be from 10 to 10000, 
preferably from 50 to 5000 and especially from 100 to 2000 as 
discussed previously. Satisfactory results can be obtained 
between 200:1 and 1000:1. 

The selection of the catalyst system may influence the 
productivity of the catalyst and the rate at which catalyst 
system productivity increases with reducing pressure when 
one-phase conditions have ceased to exist. The Aluminum/ 
metallocene mole ratio can be significant as can the type and 
activity level of the metallocene. 

Where the gaseous monomer phase is recycled preferably a 
catalyst killer system is used to prevent polymerisation in 
the separation and recycling stages. 
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Thus it is possible to produce polyolefins at high catalyst 
system productivities, with relatively low energy consumption 
because of low operating pressures. Polyolefins so produced 
may have a high or low molecular weight and may be 
crystalline, i.e. have a clear melting point or may be very 
elastomer ic, amorphous in character in which case the melting 
point may be less distinct. 

Compared with solution processes performed in two phase 
conditions (See EP 69 593) the reactor mixture contains less 
than 70 % by wt of solvent, preferably less than 50 % and 
especially less than 25 %. 

Example 1 

The polymerization was carried out (See Figure 1) in a 
high-pressure continuous polymer production facility, at 
changing reaction pressures and a polymerisation reactor 
outlet temperature of from 140 to 220°C. 

The facility has a letdown valve 4 for reducing the pressure 
downstream of a stirred polymerisation autoclave reactor 2. 
Downstream of the valve there is located a catalyst killer 
injection point 7. Heat exchangers 6 allow heating or 
cooling of the mixture emerging from reactor. 

Downstream of the exchanger, there is provided a high 
pressure separator 8 (HPS) for separating the monomer/polymer 
mixture. The polymer rich phase is taken from the HPS for 
further processing; the monomer rich phase is recycled to the 
reactor via the high pressure recycle system 10 consisting of 
a series of coolers, polymer knockout vessels (for removing 
low molecular weight residues) and a high pressure compressor 
which supplies the monomer feed to the polymerisation reactor 
at the required process pressures. The catalyst system is 
injected into the reactor under the required temperature, 
pressure and mixing conditions through injection system 1. 
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In the Example, a compressed monomer feed and catalyst system 
were introduced continuously into an adiabatic, non-cooled 
autoclave. After a residence time during which polymer- 
isation occurred, the contents were removed from the auto- 
clave under the control of the let-down valve 4 and then 
passed to a high pressure separator operating at 180 bar and 
190 W C ± 10 B C. A molten polymer phase was removed from the 
HPS and passed to a low pressure separator operating at 
reduced pressure. From the low pressure separator the molten 
polymer was supplied to a gearpump for forming pellets; 
separated gas was recycled or disposed of. 

The monomer was introduced into the recycle loop at the 
pressure of the HPS at a flow rate set to compensate for the 
removal of raw material as polymer or monomer (dissolved in 
the polymer) . The monomer feed was a mixture of ethylene 35 
wt% and 1-butene 65 wt%. A catalyst system of dimethylsilyl 
bis-tetrahydro-indenyl zirconium dichloride and methyl- 
alumoxane (MAO) (Al/Zr mol ratio =400) dissolved in toluene 
was pumped into the autoclave 2 so as to maintain a 
predetermined temperature of 150 °C in the top to 170 *C in the 
bottom giving a monomer conversion of 11.5 %. The catalyst 
system solution contained 0.4 g/1 of metallocene and 2.5 wt% 
of MAO. During a test run the setting of the let-down valve 
4 was varied to change the pressure in the autoclave. 
Catalyst killer (a waterbased volatile/non-volatile catalyst 
system killer combination) was also added. The catalyst 
killer was obtained as follows: 1 weight part of glycerol 
mono-oleate was diluted with 1 weight part of iso-octane and 
agitated at 40 "C. Then 0.05 wt parts of demineralized water 
was added and the warm mixture was agitated until a clear 
solution was obtained. This solution then was diluted 
further by adding 8 wt parts of iso-octane. 
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Figures 2 and 3 show measurements of the catalyst consumption 
(i.e. the inverse of catalyst productivity) and the recycle 
flow rate respectively contemporaneous with the changing 
pressure. 

Around 500 bar a small change in energy consumption necessary 
for "maintaining stirrer speed in the autoclave 2 was 
observed. This suggests a change of phase conditions and 
that the cloudpoint was reached. 

Between 1600 bar and 500 bar, the catalyst productivity 
decreases by almost half approaching the cloudpoint. This is 
in conformity with the experience for classical Ziegler-Natta 
catalysed high pressure polymerisation. Below the cloud- 
point, going from 500 bar down to 3 60 bar the productivity 
increases extremely rapidly. Catalyst consumption was 
reduced by 20 % from that at 1600 bar; (See F in Figure 2) ; 
at the same time the mass flow rate in the recycle increases 
with increased compressor efficiency at lower pressures going 
up by 10 %. A total catalyst productivity increase can hence 
be obtained at 360 bar in this case at pressures which are 
less than a quarter of usual high pressure polymerisation 
conditions. 

The polymerisation process of the invention is based on a 
finding of increased catalyst system productivity at 
conditions where neither close prior art or experience with 
other catalytic systems suggest that an improvement is 
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obtainable. The process is believed to be beneficial in a 
wide range of conditions. Of course the polymer must remain 
molten and in this case conversion remains constrained by 
thermal factors. The two-phase condition coincides with the 
pressure zone of improving productivity with reducing 
pressure. High pressure separator equilibrium conditions for 
given polymer/monomer blends and compression suction intake 
pressures are constrained by the need to obtain good 
separation and avoid entrainment of low molecular weight 
fractions in the recycle. 



Examples 2-30 

Monomers were supplied in the proportion indicated in Tables 
1 and 2 over molecular sieves, where appropriate with oxygen 
removal by nitrogen sparging. The monomer feed was 
compressed in two stages and supplied at 60 'C to a 1.5 liter 
autoclave stirred reactor together with the catalyst system. 
Table 1 used dimethyl silyltetrahydroindenyl zirconium 
dichloride together with MAO supplied by Schering AG. The 
catalyst system is deactivated after the mixture has passed 
through the reactor and residual monomer is flashed off, not 
recycled. 

Table 2 is similar except a monocyclopentadiene metallocene 
is used of the formula : 



Si(CK 3 ) 2 




f H 
L U 23 



Where C^H^ is an alicyclic 
or aliphatic alkyl substi- 
tuted cyclo-alkvl group ; 
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Figure 4 illustrates the results of Table 2 graphically. The 
cloudpoints are shown. 

Figure 5 shows cloudpoints with varying pressure and 
temperature for the four stated mixtures of ethylene-butene 
copolymer in a monomer blend of ethylene and hexene. 

Figure 6 shows cloudpoints of ethylene-butene copolymer in a 
monomer blend of ethylene and butene. 

The data show that it is possible to provide high metallocene 
activity at pressures below the cloudpoint. 
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The catalyst activity in the two phase conditions below the 
cloudpoint pressure is better than that at usual high 
pressure conditions involving pressures which are 5 to 10 
time higher. The molecular weight is only slightly lower in 
two phase conditions. 



) 
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CLAIMS 

A process for continuously producing a polyolefin 
comprising : 

(a) continuously feeding olefinic monomer and a catalyst 
system of a metallocene and a cocatalyst; 

(b) continuously polymerising the monomer (s) to provide 
a monomer-polymer mixture, the mixture being at a 
pressure below the cloudpoint pressure to provide a 
polymer-rich phase and a monomer-rich phase at a 
temperature above the melting point of the polymer; 

(c) continuously settling a two phase mixture into a 
continuous, molten polymer phase and a continuous 
monomer vapour which may optionally be at least 
partly recycled to (a) . 

Process according to claim 1 in which the polyolefin 
contains less than 25 % by wt of a comonomer, preferably 
an olefin or diolefin having from 3 to 20 carbon atoms 
and/or the metallocene is substituted dicyclopentadienyl 
derivative. 

Process according to claim 1 or claim 2 in which the 
mixture is settled in a separator after the catalyst 
system has been killed by addition of a killer, 
preferably at a pressure of from 1.2 to 300 bar and the 
continuous monomer phase is recycled for polymerisation. 
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4. Process for producing a polyolefin comprising 

(a) feeding ethylene, at least 5 wt% of at least one 
comonomer and a catalyst system of a metallocene and 
a cocatalyst; 

(b) polymerising the monomer and comonomer under 
agitation to provide a monomer-polymer mixture, the 
mixture being at a pressure below the cloudpoint 
pressure at a temperature above the melting point of 
the polymer and preferably at a pressure of less 
than 500 bar to provide a discontinuous polymer-rich 
phase and a continuous monomer rich phase; and 

(c) separating the polymer. 

5. Process according to claim 4 in which the polyolefin 
contains at least 10 wt% of a comonomer, preferably an 
olefin or diolefin having from 3 to 20 carbon atoms 
and/or the metallocene is a monocyclopentadienyl 
derivative having a low transfer activity. 

6. Process according to claim 4 or 5 in which the reactor is 
a batch reactor. 

7. Process according to any of the claims 1 to 5 in which 
reactor is a continuous reactor and the residence time is 
from 20 seconds to 10 minutes, preferably from 30 seconds 
to 5 minutes. 
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Process according to any of the preceding claims in which 
the polymer has a density of from 0.82 to 0.93 g/cm 3 
preferably less than 0.90. 

Process according to any of the preceding claims in which 
polymerisation takes places at a temperature and pressure 
where the catalyst system productivity exceeds that which 
obtains at twice that pressure above the cloudpoint at 
that temperature. 

Process according to any of the preceding claims in which 
the catalyst system contains alumoxane cocatalyst, is in 
the form of a soluble system, on unsupported slurry 
system or a supported system and/or the mol ration of 
alumoxane aluminum to metallocene transition metal is 
from 10:1 to 10000:1 preferably 50:1 to 5000:1. 

Process according to any of the preceding claims in which 
the reactor has no internal or external cooling system, 
is a mechanically agitated reactor and is preferably an 
autoclave. 

Process according to any of the preceding claims in which 
the pressure is at least 50 preferably a least 100 bar, 
the temperature is at least 10 °C preferably at least 30 
°C above the polymer melting point, and/or the density of 
the gaseous phase of reactor contents is at least 2 00 
kg/m 3 , preferably at least 3 50 kg/m 3 . 

Process according to any of the preceding claims in which 
the polymer rich phase contains from 50 to 80 wt% of 
polymer. 
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